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Abstract

We reportthe currentstatusandour plansfor the com-
pletionof CHEF, aninteractive applicationfor performing
opticscalculationsin acceleratorphysics.CHEFuseshigh
level graphicaluserinterfacesto facilitatetheexploitation
of lower level tools incorporatedinto a hierarchyof C++
classlibraries,making themusableby thosenot familiar
with C++ programming.

INTRODUCTION

In January, 2004, Fermilab’s AcceleratorDivison for-
malized two distinct, but relatedobjectives as a project:
(1) develop a framework to accesseasily information
neededfor acceleratorphysicscalculationson Fermilab
machines,and(2) developuser-friendly softwarefor optics
calculationsin beamline designandanalysis. A compo-
nentof thefirst is theAcceleratorDivision’sLatticeRepos-
itory, aboutwhich a separatepaperhasbeensubmittedto
this conference.[1] Thesecondis beingimplementedasa
GUI-basedapplicationcalled“CHEF,” an acronym which
standsfor:

Collaborative: objectscooperateandshareinformation;
Hierarchical: built onahierarchyof (mostlypre-existing)
C++ classlibraries;
Expansible: softwareis designedfor futureextensions;
Framework: a setof cooperatingobjectclassesthatmake
up a reusabledesignfor a giventypeof application.

As a framework, CHEF is a collection of largely au-
tonomouscomponentswhich can cooperateto perform
their functions;asaprogram,CHEFis thenameof aGUI-
basedapplicationthat providesan interfacefor doing op-
tics calculationsusingthesecomponents.The framework
providesa hierarchyof libraries to facilitatewriting C++
programs;theapplicationpresentsauser-friendly interface
for exploiting thetoolsin thathierarchy.

In the following sectionswe shall briefly (a) summa-
rize the underlyingsoftwarethat supportsthe application,
CHEF, (b) describeits currentstatus,and (c) outline our
goalsfor CHEF’sfirst “production”version.
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LIBRARY HIERARCHY

CHEF is supportedupon a collection of C++ classli-
brariesthat areorderedin a hierarchyof layers. Objects
within alayer“know about”eachother’sexistenceandthat
of theobjectsin lowerlayersbut nothigherones.Presented
in order, from highestto lowest,thesearecalled:
widget toolkit: A collection of autonomouswidgets
which,althoughusedby theapplication,CHEF, arefunda-
mentallyindependentof it andcouldbeinstantiatedwithin
otherC++ programs.This layercontainsGUIs thatCHEF
presentsto its users.
physics toolkit: Helper classeswhich perform specific
computationaltasks,suchasfinding closedorbits or cal-
culatinglattice functions.They alsorelieve a programmer
of variousadministrative responsibilitieswhich tendto be
forgotten(e.g. turning off acceleratingcavities beforeat-
temptingto find aclosedorbit).
bmlfactory: Containsone C++ classwhich instantiates
to a factoryobject. The factoryusesa LEX-YACC based
parserto interpreta restrictedMAD v.8 syntax. Upon re-
quest,it will build beamlineobjectscorrespondingto those
describedin MAD inputfiles.
beamline: Classesfor modelingbeamlinesandringsasse-
quentialarrangementsof neighboringelements.Whatever
specifiestheelements’physicsandspatialconfigurationsis
encapsulatedwithin this layer, which hasundergonecon-
tinual evolutionarydevelopmentsinceits original version
appearedin 1988.
integrator: Containsclassesthat perform basicnumeri-
cal integration, including symplecticsolversfor Hamilto-
nian dynamicalsystems. Combinedwith mxyzptlk (be-
low), theseprovide a convenientway of generatingmaps
for arbitrarily specifiedmagneticfield configurations.
mxyzptlk: Classesfor doingautomaticdifferentiationand
differentialalgebra:esp. Jet,Mapping,andLieOperator.
The operatorsand functionsit providesenableC++ pro-
grammersto usesourcecodepolymorphically, to calculate
numericalanswers- e.g. via tracking,numericalintegra-
tion, or iterative convergence- andto constructmapsfor
analysis,perturbationtheory, andtracking.Sinceits origi-
nal releasein 1989,mxyzptlk hasundergoneevolutionary
development.It’s currentversiontakesadvantageof tem-
platesandothermodernC++ concepts.In earlierversions,
moreattentionwaspaidto accuracy thanefficiency. Recent
algorithmicandmemorymanagementimprovementshave
madeits performancecomparableto thatof softwarewrit-
tenin Fortran.
basic toolkit: Its first versionwaswritten in 1988,when
C++ was new and changingrapidly. It comprisesbasic
algebraicandutility classesthat at that time wereneither



standardizednorwidely available,e.g.lists,vectors,matri-
ces,andheaderfiles containingphysicalandmathematical
constants.By now, many of its original classeshave been
supersededby developmentsin the language,suchas the
STL or third party librarieslike Boost. This layer’s more
deprecatedclassesarebeing phasedout, asgracefullyas
possible.

Within this short report we can but commentbriefly
uponthis hierarchy’smoresignificantfeatures.

Independence of physics from layout: A beamlineele-
mentcomprises(a) an affine transformation,representing
the connectionbetweenits upstreamanddownstreamref-
erenceframesand(b) a functor encapsulatingthe physics
(i.e. dynamics)that propagatesa particle betweenthem.
In principle, any elementcould be boundedby arbitrary
frames,but in practicethe connectionusedby most el-
ementsis trivially a displacementin the � (longitudinal)
direction. The principal exceptionsoccur in classeslike
rbend,sbend,their combined-functionvariants,andSlot -
which, like drift, modelsemptyspacebut possessesarbi-
trarily positionedandorientedboundingframes.

There is no global coordinatesystemand no a priori
“referenceorbit,” but thereis a “registration” processby
whichaprogrammercanspecifyany particleto be“the ref-
erenceparticle.” ClassesFrameandSlotenableeasy, com-
pletely generalplacementof beamlineelementsby pro-
viding a mechanismfor describinghow neighboringele-
mentsarearrangedwith respectto eachother. Physicsis
expressedby electromagneticfieldswritten in coordinates
local to theelement’s body. If morephysicsfunctorsthan
oneareavailable,they canbe“pluggedinto” beamlineel-
ementsat runtime. (E.g. not all elementsof a particular
speciesneedbehaveexactly thesameway.)

This paradigmis not the one familiar to MAD users,
in which physicsis specifiedrelative to an assumedrefer-
enceorbit from thebeginningandall machineparameters
arepre-scaledrelative to a magneticrigidity (i.e. momen-
tum). Thesefundamentaldifferencessometimesproduce
tensionswhenCHEFtriesto interpreta MAD input file or
when,anunusualgeometricarrangementhaving beencon-
structed,onetriesto fit it into MAD’ sassumptions.

Context: Cooperation- CHEF’s “C” - is facilitatedby an
agent,calledBeamlineContext, which keepstrack of cal-
culations(i) thathave beenperformed,(ii) thatareneeded
aspreliminariesfor othercalculations,and(iii) that have
becomeinvalid becauseof modificationsto the beamline
model. It actsasa dispatcher, or overseer, positionedbe-
tweenCHEF’s widgetsandtheworkerclassesbelow.

Internal state response. BeamlineelementslikeLambert-
sons,pingers,andcavitiescanhavetime-dependentbehav-
ior or respondto thepassageof aparticle(or bunchof par-
ticles). This capability could be exploited for modeling
wakefields, feedback,extraction, or the transferof beam
betweenrings.

Figure1: CHEF’sbrowserandtext windows.

Persistence. Beamlinemodelscanbestreamedto afile, re-
tainingtheir“existence”afteraprogramterminates.Stored
in this way, they latercanbestreamedbackinto otherpro-
grams.

Algebraic polymorphism. Employing mxyzptlk’s alge-
braicoperatorsandanalyticfunctions,linesof propagator
or integrationcodecanbeusedinterchangeablyfor track-
ing andcreatingmaps.

Run-time editing. Becausethe model is a C++ object,it
canbemodifiedat runtime.Thepossibilitiesgofarbeyond
merely modifying attributes: e.g. elementscan be split,
combined,subbeamlinescanbe replacedwith equivalent
maps,beambeamandspacechargelensescanbeinserted.

CHEF, THE APPLICATION

While the lower level libraries can be (and are) used
within C++ programs,CHEF, the application, provides
graphicaluserinterfacesto invoke a collectionof standard
operations.Describedhereareits majorwidgetsandmenu
items.

Browser. A beamlinebrowserprovidesahierarchicalview
of instantiatedacceleratormodelssimilar to thatof familiar
file browsers,like Windows Explorer. Insteadof folders,
subfolders,andfiles, oneseesbeamlines,sub-beamlines,
andelements.(SeeFigure1.) Right-clickingonanelement
revealsmostof its parametricattributes,someof whichcan
thenbemodifiedinteractively.

If thebeamlineis instantiatedfrom aMAD inputfile, the
file itself canoptionallybeviewedandeditedin a text win-
dow beforeandafter instantiation.All beamlinesdefined
in a file aresimultaneouslyviewable;a usersimply selects
theonesto bedisplayed.Thehierarchyshown will reflect
a beamline’sstructureasdefinedwithin thefile.
Edit menu: As mentionedalready, somepropertiesof an
elementcanbemodifiedwithin theBrowser. Actions that
createnew lines from old ones- via operationsthatdupli-
cate,condense,flatten,mergeequivalentelements,convert
drifts to slots,or simply rename- canbeinvokedfrom this
menu.



Figure2: A plottingwindow, showing latticefunctions.

Plotters: Currentlyusedprimarily for plottinglatticefunc-
tions, dispersion,andclosedorbits, in principle any data
- theoreticalor experimental- can be displayedand su-
perposedwithin thesewidgets. Horizontal and vertical
scrolling is enabledafter zooming; plotted data can be
savedastablesof numbersfor usein otherprograms.
Phase space views: Multiple views of phasespaceare
available to monitor the behavior of a virtual particle
traversinga ring. ThesewidgetsuseOpenGLto provide
both two- and three-dimensionalprojectionsthat update
automaticallyas the simulation is running. An ”action-
angle”view is particularlygoodfor exposingKAM tori. [2]
bpm tracer: A circulating particlecan also be followed
within a window that receives and displayssignalsfrom
monitorsembeddedinto the acceleratormodel. The plot
hasa fadingmemoryof user-specifiedlength,enablinga
userto watchanenvelopeevolve. Also basedon OpenGL,
it could(in thefuture)bemadethree-dimensional,esp.for
displaywith apertures.
Geometry viewer: This “SiteViewer” object provides a
global look at a model’s geometriclayout, essentiallyin-
tegratingtheconnectionsbetweenthe beamlineelements’
local frames.Zoomingin onandandmoving theimageare
performedwith the mouse. Right-clicking on an element
providesinformationaboutit. Currentlytwo-dimensional,
the widgetnonethelessis basedon OpenGLso that it can
beextendedto threedimensionsin thefuture.
Selector: Constructspropositionsregardingelements’at-
tributes which are then applied to selectsubsetsof ele-
ments.Wheninvokedfrom theBrowser, thesubbeamlines
opento exposeand highlight the selectedelements. In-
voked within the SiteViewer, selectedelementsarehigh-
lighted.
Python interpreter: One window provides an interface
for a Python interpreterwhich utilizes Python bindings
thathave beencreatedfor all lower level C++ classesand
for CHEF’s components. Within it, a user can extend
CHEFwithout leaving theapplicationby writing andtest-
ing python scriptsthat can be executed,saved, and later
recalled.
Device monitor: UsinganXMLRPC protocolandproce-

duresprovidedby Fermilab’sControlsGroup,thiswindow
monitors“devices,” a category that encompassesany da-
tum providedabouta Fermilabmachine.The displaycan
be toggledto updateitself automaticallyor only uponre-
quest.
Messages: A messagewindow captureserrorandwarning
messagesthatarestreamedduringa calculation,eitheran-
nouncingthat it hasgonewrong or providing information
aboutits progress.

GOALS

In October, 2004, an initial releaseof CHEF was in-
stalledon a UNIX machine. CHEF and its components
were themselvesalmostcompletelyfree of dependencies
on the operatingsystem,andby January, a Windows XP
versionwasmadeavailable.For thosewhowantto explore
its possibilities,despiteits currently incompletestateand
lack of documentation,a Windows versioncanbe down-
loadedfrom http://www-ap.fnal.gov/CHEF. An RPM file
for Fermi Linux will be provided in the future, and the
sourcecodewill be includedwhen the productreachesa
reasonablystablefinishedstate. Apart from ongoingim-
provementof lower level libraries,our work on CHEFbe-
tweennow andthenwill focuson thefollowing priorities.

non-periodic lines: Most of CHEF’s currentfunctionality
targetsstorageringsandsynchrotrons.Ourhighestpriority
is to add featuresmore appropriatefor transferlines and
linacs.
unrestricted geometric manipulations: The lower level
librariesalreadycontainthe tools necessaryfor arbitrary,
evenexotic, placementof elements.Our goalnow is to lift
thatcapabilityinto theCHEFlayer.
operate on selected objects: Having selecteda groupof
elements,a userwill be ableto edit their properties,if of
the sametype, or to group theminto “circuits,” enabling
controlby specifyingvaluesof “knob” parameters.
importing measured properties: To morph a “design”
modelinto a “realistic” one,CHEFwill provide a mecha-
nismfor importingdatafrom existing databases,including
thedescriptionscontainedin theLatticeRepository. [1]
nonlinear analysis: We will addmenuentriesfor doing
simplenonlinearanalysison rings, suchascalculationof
resonancewidths,tunespread,andfocalproperties.

Most of theseinvolve functionalitiesalreadypresentin the
lower level libraries. Thetaskwill be to make themavail-
ablefrom CHEF’sgraphicaluserinterfaces.
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